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Description
TECHNICAL FIELD

[0001] Thisinvention relates to a method of producing
an exhaust gas cleaning metal carrier for carrying an
exhaust gas cleaning catalyst for automobiles autobicy-
cles, and industrial equipment.

BACKGROUND TECHNOLOGY

[0002] As a catalyst carrier for cleaning exhaust gas
of automobiles, a honeycomb-formed metal carrier
comprising heat-resistant stainless steel is known. The
metal carrier is formed by winding round a stack of a flat
plate and a corrugated plate to form a honeycomb core
body and joining the outer periphery of the honeycomb
core body and inner surface of a metal outer cylinder.
[0003] Various methods are known as the production
method of the metal carrier. For example, Japanese Pat-
ent Publication 63-44466 describes a metal carrier in
which a pile of a flat plate and a corrugated plate is
wound round, and the vicinity at least one of end faces
of the wound honeycomb core body is soldered. How-
ever, such a metal carrier, when actually used on an in-
ternal combustion engine for automobile, tends to un-
dergo deformation of the honeycomb core body or
breakage of a foil on an outer periphery of the honey-
comb core body due to thermal fatigue by heat cycle of
heating and cooling. In particular, the exhaust gas inlet
side of the honeycomb core body undergoes consider-
able cell deformation and foil breakage because it is ex-
posed to high-temperature exhaust gas. Further, the
metal carrier may be broken at the joined portion due to
engine vibration and vibration during traveling.

[0004] Further, Japanese Patent Publication 56-4373
discloses a honeycomb core body produced by a meth-
od in which solder is coated on a flat steel plate or at
peaks of a corrugated steel plate through a supply roller
from a vessel filled with liquid solder paste, and the
former is wound round with a corrugated steel plate, or
the latter is wound round with a flat steel plate. The pat-
ent also discloses a honeycomb core body produced by
a method in which before coating solder, an adhesive is
coated at a position to be solder coated through a supply
device, and wound round while sprinkling a powder-
formed solder material by a distribution device. In these
honeycomb core bodies, the powder-formed solder ma-
terial is piled in layers between the flat steel plate and
the corrugated steel plate. Further, since the stack of the
powder-formed solder material particles between the
flat steel plate and the corrugated steel plate exists in
amounts of twice the number of turns from the center of
the honeycomb core body to the outermost periphery,
when treated by vacuum soldering, the solder material
melts to generate voids between the flat steel late and
the corrugated steel plate, and the voids in layers collect
at several positions. Therefore, the honeycomb core
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body obtained by this method has unsoldered portions
between the flat steel plate and the corrugated steel
plate. Further, since the solder thickness increases at
the joined portion of the flat steel plate and the corrugat-
ed plate, the core body tends to break at the brittle solder
material and is insufficient in strength.

[0005] As another method, Japanese Patent Laid-
open Publication 4-141238 discloses a production
method of a metal carrier, in which a plurality of binder
injectors having needles on the surface and backside of
a corrugated foil are disposed in a single or multiple
stages parallel to the corrugation, and operation of the
binder injectors is selected so that the binder is coated
at peaks of the corrugation in a previously designed
range according to the movement of the corrugated foil
to select joining positions of the corrugated foil and flat
foil at desired positions of the honeycomb core body.
[0006] In producing a honeycomb core body by this
method, to select a joining-position of the corrugated foil
and flat foil at a desired position of the honeycomb core
body, first only the binder is supplied, after winding the
honeycomb core body, or after containing it in an outer
cylinder, a process to sprinkle the solder material form
the end face of the honeycomb core body to apply the
solder material to the binder coating portion. This results
in an increase in cost. Further, when the binder is roll
coated on the corrugated plate or the flat plate before
forming the honeycomb core body and the solder mate-
rial is also supplied, wound round into the honeycomb
core body, and then soldering is made, since the solder
material is sandwiched between the flat plate and cor-
rugated plate, the solder material melts by soldering
treatment to generate voids between both plates, and
effective joining is not obtained. This is also true for a
slurry which is a mixture of the binder- and powder-
formed solder. Since the binder and powder-formed sol-
der are sandwiched between the flat plate and corrugat-
ed plate, the solder material melts after soldering to gen-
erate voids between both plates, and cannot provide ef-
fective joining. When the slurry is coated on the same
joining position of the surface and backside of the flat
plate and corrugated plate, voids further increase be-
tween both plates due to melting of the solder material
from the slurry sandwiched between the flat plate and
corrugated plate, resulting in insufficient joining.
Further, Ni, Cr, and Si, which are ingredients of the sol-
der material, diffuse into the base material, and forma-
tion of an intermetallic compound concentrates in a
same position, degrading the strength.

[0007] Then, there have heretofore been known var-
ious types of exhaust gas cleaning apparatus, in which
a metal honeycomb body is inserted into a metal outer
cylinder, and a gas cleaning catalyst is carried on the
metal honeycomb body. In particular, various types of
honeycomb structures have been proposed to control
or prevent peeling or damage of the joined portion due
to a strain caused by a thermal stress generated by heat
of exhaust gas of automobiles. For example, Japanese
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Patent Laid-open Publication 4-29750 discloses a metal
carrier in which a metal honeycomb core body and an
outer cylinder are joined with a plurality of bands formed
at 1-15 mm ring-formed intervals in an axial direction of
the metal carrier. This absorbs a stress generated in the
axial direction of the carrier during cooling/heating cycle
by deforming an unjoined portion at the ring-formed
spacing to disperse a stress acting on the joined portion
and unjoined portion. However, in some cases, depend-
ing on the joining condition of the metal honeycomb core
body, the stress cannot be efficiently dispersed even by
joining the plurality of bands between the outer cylinder
and the metal honeycomb core body. For example,
when the boundary of the metal honeycomb core body
and the outer cylinder is in line with the boundary in the
metal honeycomb core body, the stress is concentrated
at that position due to the heat cycle, and the foil is bro-
ken from that position. Further, Japanese Patent Laid-
open Publication 4-148016 discloses a metal carrier
which has a region where a flat foil and a corrugated foil
are joined in an axial direction in a length of 5 to 20%
the axial direction length of the metal honeycomb core
body, has an outer layer reinforcing layer joined in an
axial direction within five layers from the outer most layer
towards the inside, and the metal outer cylinder and the
metal honeycomb core body are joined in aregion in the
axial direction within the outer layer reinforcing layer. In
this case, the metal outer cylinder and the metal honey-
comb core body are joined at a position in the axial di-
rection to relax the thermal deformation in the axial di-
rection of the metal outer cylinder and the metal honey-
comb core body. However, because the metal outer cyl-
inder and the metal honeycomb core body are joined
only at a position, mechanical vibrations of the engine
or vibrations of the vehicle during traveling tend to con-
centrate in the joined portion, leading to a breakage.

[0008] Further, Japanese Utility Model Laid-open
Publication 2-83320 describes an exhaust gas cleaning
apparatus comprising a plurality of metal honeycomb
core bodies having a number of reticulated ventilation
holes in an axial direction formed by stacking thin flat
band materials and corrugated band materials to con-
tact each other, mounted at intervals in a metal case with
both ends open. Thus, an exhaust gas cleaning appa-
ratus in which at least one position is joined is disclosed,
except for a case that a contact surface of the outer pe-
ripheral surfaces of the individual metal honeycomb
core bodies and the inner wall surface of the metal case
are simultaneously joined with the inner wall surface of
the metal case in the vicinity of both ends of the metal
honeycomb core body. Japanese Utility Model Laid-
open Publication 2-85814 describes an exhaust gas
cleaning apparatus which comprises two metal honey-
comb core bodies having a number of reticulated venti-
lation holes in the axial direction, manufactured by
stacking thin metal flat band materials and corrugated
band materials to contact each other, mounted with
spacing in a cylindrical metal outer cylinder having both
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ends open and an enlarged diameter section, wherein
the outer peripheral surface in the vicinity of the opening
of the metal outer cylinder of each metal honeycomb
core body is mounted to the inner wall surface of the
metal outer cylinder, and the outer peripheral surface in
the vicinity of the spacing of the individual metal honey-
comb core bodies does not contact the inner wall sur-
face of the metal outer cylinder.

[0009] In these exhaust gas cleaning apparatus, a
plurality of metal honeycomb core bodies are disposed
at spaces in a metal outer cylinder, and only a portion
in the axial direction of the contact surface of the outer
peripheral surface of the individual metal honeycomb
core body and the inner wall surface of the metal outer
cylinder is annularly joined, preferably over the entire
periphery to disperse and relax thermal stress, thereby
preventing peeling of the outer peripheral surface of the
metal honeycomb core body and the inner wall surface
of the metal outer cylinder or peeling or cracking of the
flat plates and the corrugated plates forming the metal
honeycomb core bodies due to thermal stress and ther-
mal deformation.

[0010] However, even when thermal stress is dis-
persed and relaxed by the above method, it is impossi-
ble to absorb a strain in the vicinity of the outer periph-
eral surface of the metal honeycomb core body due to
thermal stress and thermal deformation generated in the
exhaust gas cleaning apparatus. Therefore, the vicinity
of the peripheral surface is liable to be subjected to ther-
mal stress and thermal deformation, resulting in cell de-
formation or peeling of the flat plate and corrugated
plate. Further, joining the inner wall surface of the metal
outer cylinder and the outer peripheral surface of the
metal honeycomb core body at only a portion tends to
weaken the joining, and cannot withstand the pressure
of exhaust gas flow at high temperatures.

[0011] Further, in a conventional metal carrier, a plu-
rality of metal honeycomb core bodies are joined at
spaces in a metal outer cylinder (e.g. Japanese Utility
Model Laid-open Publication 2-83320). In this carrier, in
an attempt to remove thermal stress and thermal defor-
mation generated in the metal carrier at high tempera-
tures by only joining of the outer peripheral surface of
the metal honeycomb core body and the inner wall sur-
face of the metal outer cylinder, a strain occurs that can-
not be removed, and the metal honeycomb core body
may be broken by the strain if the metal. honeycomb
core bodies are not Joined at spaces. This easily leads
to alarge-sized exhaust gas cleaning apparatus, except
for a case to intentionally generate a turbulent flow. Fur-
ther, as described in Japanese Utility Model Laid-open
Publication 2-85815, a large-diameter section provided
in the metal outer cylinder leads to a large-sized exhaust
gas cleaning apparatus.

[0012] On the other hand, in an exhaust gas cleaning
apparatus carrying a gas cleaning catalyst on a metal
honeycomb core body, it has been known to use a
curved metal carrier. For example, Japanese Ultility
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Model Laid-open Publication 4-78938 proposes a
curved metal carrier, in which flat plates and corrugated
plates are stacked in alternation to form a honeycomb
structure, and the honeycomb structure is inserted into
an outer cylinder. In the metal carrier, arrays of slits is
provided so that each slit has a length of more than one
wave in the cross direction of the flat plates and corru-
gated plates, the slits are arranged at spaces in the lon-
gitudinal direction, and a number of the arrays are
formed in parallel and shifted from each other.

[0013] However, in the curved metal carrier, since the
flat plates and corrugated plates forming the metal hon-
eycomb core body are provided with slits and inserted
into a curved metal outer cylinder, if thermal stress and
thermal deformation occur in the metal carrier at high
temperatures, the slits expand to generate cracking, cell
deformation, peeling of joined portions, and breakage
of the metal honeycomb core body. Further, since the
flat plates and corrugated plates have slits, when the
metal honeycomb core body is inserted into the curved
metal outer cylinder after the carrier is formed, the hon-
eycomb structure cannot be maintained, and the prede-
termined cell structure cannot be maintained. That is,
when designing a metal carrier, it is difficult to ensure
the desired porosity ratio and surface area. Further, due
to the slits, exhaust gas tends to flow only the vicinity of
the outer peripheral surface of the curved metal outer
cylinder, resulting in a considerably deteriorated effi-
ciency of exhaust gas cleaning.

[0014] From US 4,381,590 a method of producing an
exhaust gas cleaning metal carrier according to the pre-
amble of claim 1 is known. According to the method dis-
closed in this document, a plurality of metal honeycomb
core bodies formed by joining a flat plate and a corru-
gated plate is pressed in series in the axial direction into
a metal outer cylinder, and a slurry-formed solder ma-
terial is coated in spots or a plurality of stripes at peaks
of corrugation of the corrugated plate. The flat plate and
the corrugated plate are stacked and wound round to
form a metal honeycomb core body, and the metal hon-
eycomb core body is pressed into the metal outer cylin-
der while the slurry-formed solder material coated at the
peaks of corrugation of the corrugated plate maintains
a fluidity. Finally, soldering heat treating is performed to
join the metal honeycomb core body and the metal outer
cylinder.

[0015] In addition, document US 5,026,611 proposes
to form the inner wall of the metal outer cylinder with fine
recesses, filled with solde material having no fluidity, for
promoting the penetration of a molten brazing material.
[0016] Theobjectofthe presentinventionisto provide
a method of producing an exhaust gas cleaning metal
carrier which sufficiently absorbs a thermal stress and,
when used on vehicles, can withstand practical use for
an extended period of time.
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DISCLOSURE OF THE INVENTION

[0017] According to the present invention, this object
is achieved by a method of producing an exhaust gas
cleaning metal carrier as defined in claim 1. The de-
pendent claims define preferred and advantageous em-
bodiments of the present invention.

[0018] The inventors have conducted intensive stud-
ies to solve such defects and found that flat plates and
corrugated plates are soldered with a solder material
coated in spots or stripes on the peaks of the corrugated
plate to form a metal honeycomb core body, while the
solder material coated on the metal honeycomb core
body still has a fluidity and the solder material coated
on the inner wall surface of the metal outer cylinder has
no fluidity, the outer peripheral surface of the metal hon-
eycomb core body and the inner wall surface of the met-
al outer cylinder are assembled, and then soldering heat
treated, thereby sufficiently absorbing a thermal stress
and achieving the present invention.

[0019] There is provided according to the present in-
vention a method for producing a metal carrier compris-
ing a plurality of metal honeycomb core bodies pressed
into a metal outer cylinder parallel to the axial direction,
wherein peaks of the corrugated plate are coated with
a slurry-formed solder material in spots or stripes, and
a flat plate and the corrugated plate are stacked and
wound round to form a metal honeycomb core body. On
the other hand, an inner wall surface of the metal outer
cylinder is coated with a solder material, while the slurry-
formed solder material coated at peaks of the corrugat-
ed plate and the solder material coated on the inner wall
surface of the metal outer cylinder has no fluidity, the
metal honeycomb core body is pressed into the metal
outer cylinder, the outer cylinder is curved as necessary,
dried and soldering heat treated to join the metal hon-
eycomb core body and the metal outer cylinder.

[0020] As another production method, in particular,
when the metal outer cylinder is curved, and a plurality
of metal honeycomb core bodies formed by joining a flat
plate and a corrugated plate are pressed into the curved
metal outer cylinder parallel to the axial direction, in
which peaks of the corrugated plate are coated with a
slurry-formed solder material in spots or stripes, the flat
plate and the corrugated plate are stacked and wound
round to form a metal honeycomb core body. On the oth-
er hand, a solder material is coated on an inner wall sur-
face, while the slurry-formed solder material coated at
peaks of the corrugated plate has a fluidity and the sol-
der material coated on the inner wall surface of the metal
outer cylinder has no fluidity, the metal honeycomb core
bodies are pressed into the metal outer cylinder, the
metal outer cylinder is curved with a desired curvature,
dried and soldering heat treated to join the metal hon-
eycomb core bodies and the metal outer cylinder in the
curved condition.

[0021] When the metal carrier is installed on an actual
vehicle, it is subjected to cooling/heating cycles, and a
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temperature gradient occurs in the axial and radial di-
rections.

[0022] Further, since most present metal carriers use,
in the metal honeycomb core body, a ferrite type stain-
less steel containing a high concentration of Al, which
is highly resistant to oxidation, the following stresses are
applied between the metal honeycomb core bodies and
between the metal honeycomb core body and the outer
cylinder due to a difference in thermal expansion coef-
ficient between the metal honeycomb core body and the
metal outer cylinder and the temperature gradient oc-
curring in the metal carrier.

[0023] In the radial direction of the honeycomb, the
metal honeycomb core body is pressed against the out-
er cylinder due to thermal expansion of the metal hon-
eycomb core body during heating (temperature of the
metal honeycomb core body > temperature of the metal
outer cylinder, thermal expansion coefficient of the met-
al honeycomb core body > thermal expansion coeffi-
cient of the metal outer cylinder), and a deformation oc-
curs in the cell of the metal honeycomb core body. In
particular, when the end surface of the metal honey-
comb core body is bound by soldering, thermal stress
due to thermal expansion cannot be relaxed, which
causes buckling of the flat plate forming the metal hon-
eycomb core body, and the cell deformation of the metal
honeycomb core body is further increased. Further, the
exhaust gas inlet side of the metal honeycomb core
body is exposed to high-temperature exhaust gas com-
pared to the outlet side, and the temperature is consid-
ered to be higher than 1,000°C by a reaction between
the exhaust gas and the catalyst. Therefore, cell defor-
mation of the metal honeycomb core body is particularly
considerable at the exhaust gas inlet side.

[0024] As described above, due to the cell deforma-
tion, the metal honeycomb core decreases in the core
diameter, and a tensile force occurs between the metal
outer cylinder and the metal honeycomb core body, re-
sulting in a breakage in the foil of the outer periphery.
To prevent this, the vicinity of the end surface at the ex-
haust gas inlet side, which is the most considerable in
cell deformation, should not be bound. Further, to relax
thermal stress in the axial and radial directions of the
metal honeycomb core body, the metal honeycomb core
body is joined in spots or a plurality of stripes in the axial
direction.

[0025] Further, when joined portions of the metal hon-
eycomb core bodies are in line with those of the metal
outer cylinder and the metal honeycomb core body,
those portions tend to be applied with a tensile stress to
cause breakage in the outermost periphery of the metal
honeycomb core body. To prevent this, joined portions
of the outermost periphery of the honeycomb core body
should not be in line with those of the metal outer cylin-
der to once separate the metal honeycomb core body
from the metal outer cylinder.

[0026] On the other hand, in the axial direction, since
the metal honeycomb core body is higher in temperature
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than the metal outer cylinder, the metal honeycomb core
body tends to expand in the axial direction of the metal
honeycomb core body than the metal outer cylinder.
Therefore, if the metal honeycomb core body and the
metal outer cylinder are joined in two positions, a shear-
ing stress applies to the joined portions. Further, the
longer the joining intervals, the greater the expansion,
the shearing stress applied to the joined portions be-
comes higher, resulting in breakage in the joined por-
tions. To prevent this, the metal honeycomb core body
is joined at one position in the axial direction, thereby
relaxing thermal stress in the axial direction of the metal
honeycomb core body. However, by joining at a single
position, vibrations of the engine or during traveling tend
to concentrate in one position, resulting in breakage at
the joined portion. Therefore, intermittent joining at a
plurality of positions is preferable in view of the joining
strength and relaxation of thermal stress in the axial and
radial directions.

[0027] The reason why the unjoined portion is more
than 5% of the length of the metal honeycomb core body
is that, as a result of heat cycle tests of the metal hon-
eycomb core body bound at the end by soldering, con-
siderable cell deformation is noted in a length less than
about 5% of the length of the metal honeycomb core
body.

[0028] Further, by joining with a plurality of joining
bands perpendicular to the axial direction on the same
surface of the metal honeycomb core body, strain gen-
erated in the axial direction is dispersed to reduce the
strain acting on the boundary of the joined portion and
unjoined portion.

[0029] The solder material of the joined portion of the
flat plate and the corrugated plate may have a thickness
of 100 um or less. In a test where the outer peripheral
metal cylinder of the metal honeycomb core body is
held, and the metal honeycomb core body is pressed by
a punching rod to draw out the metal honeycomb core
body, the relationship between the punching strength
and the solder material thickness as shown in Fig.1 is
obtained. As a result, the punching strength is consid-
erably reduced when the solder material thickness ex-
ceeds 100 um. This is considered as due to the fact that
breakage occurs in the base material at the solder ma-
terial thickness of 100 um or less, and breakage occurs
in the solder material, which is brittle compared to the
base material, when the solder material thickness is
more than 100 um. Therefore, the solder material of the
joined portion of the flat plate and the corrugated plate
is required to have a thickness of 100 um or less.
[0030] Further, it has been known that when the flat
plate and the corrugated plate are joined by soldering,
Ni, Cr or Si as ingredients of the solder material diffuse
into the base material to for an intermetallic compound.
Therefore, the soldered portions of the flat plate or the
corrugated plate are in line between the surface and the
backside, formation of the intermetallic compound con-
centrates in a position, resulting in a reduction of
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strength. Therefore, the joined portions of the flat plate
or the corrugated plate must be different between the
surface and the backside.

[0031] In view of spreading of the solder material, the
slurry coating positions on the surface and the backside
of the corrugated plate are preferable to be apart from
each other by 4 mm or more.

[0032] To produce a metal carrier which is superior in
durability to extreme heat cycles and strong mechanical
vibrations, the solder material must be supplied in spots
or a plurality of stripes at a desired position apart by
more than 5% of the length of the metal honeycomb core
body from the end surface at the exhaust gas inlet side.
[0033] When soldering in stripes, soldering is easily
achieved by supplying an amorphous foil solder to the
desired positions other than the end surface. However,
since the amorphous foil solder contains boron as an
ingredient, when soldering, the boron tends to diffuse
into the base material, reducing the heat resistance of
the foil. Therefore, it is not preferable to use an amor-
phous foil solder containing boron.

[0034] A powdered solder material may be used
which does not contain boron as an ingredient, which is
mixed with a binder to form a slurry, supplied in stripes
to a desired position at peaks of the corrugated plate,
and a flat plate and the solder-coated corrugated plate
are stacked and wound round to form a metal honey-
comb core body.

[0035] Boron has an effect to improve wetting of the
solder material, however, it is not preferable because it
degrades the heat resistance and, in the present inven-
tion, the soldered portion tends to spread too much, re-
sulting in overlapping of the joined portions of the flat
plate and corrugated plate on the surface and backside.
[0036] The metal carrier, which has the above-de-
scribed structure, may have any cross sectional shape,
such as cylindrical, race track, or other form. The plural-
ity of metal honeycomb core bodies pressed into the
metal outer cylinder may contact each other, or may be
apart from each other.

[0037] Now, a production method according to the
present invention will be described.

[0038] First, a slurry containing a powdered solder
material and a binder is coated by a nozzle or the like
in spots or stripes at peaks of the corrugated plate, and
the corrugated plate and a flat plate are stacked and
wound round to form a metal honeycomb core body.
This formation method is not specifically limited, but it
is important to supply the solder material in spots or
stripes at peaks of the corrugated plate. The thus formed
metal honeycomb core body is pressed into the metal
outer cylinder to join. In the joining of the metal honey-
comb core body and the metal outer cylinder, the metal
honeycomb core body is pressed into the metal outer
cylinder while the solder material coated on the metal
honeycomb core body maintains a fluidity and the solder
material coated on the inner wall surface of the metal
outer cylinder has no fluidity. Since the metal honey-
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comb core body is pressed into the metal outer cylinder
while the solder material maintains a fluidity, and the
joining portions having the solder material between the
flat plate and the corrugated plate are not yet joined,
they can freely move their positions, and can thus main-
tain a condition of least strain. Since the solder material
coated on the inner wall surface of the metal outer cyl-
inder has no fluidity, the solder material does not flow
when the metal honeycomb core body is pressed in, and
can be joined at a predetermined position.

[0039] The individual metal honeycomb core bodies
can be joined so that they are apart from each other
when exhaust gas flow is intentionally made turbulent,
or not apart from each other for otherwise. This enables
a compact exhaust gas cleaning apparatus by the metal
honeycomb core bodies disposed not apart from each
other, except for a case where a turbulent flow is inten-
tionally generated.

[0040] In the production method of a curved metal
honeycomb carrier, after a plurality of uncurved metal
honeycomb core bodies are pressed into the metal outer
cylinder before soldering heat treatment, the result is
curved with a desired curvature, or after a plurality of
metal honeycomb core bodies are pressed into a metal
outer cylinder which is previously curve with a desired
curvature, and the resultis soldering heat treated, there-
by easily forming a curved metal carrier, which is highly
resistant to thermal stress and thermal deformation at
high temperatures.

[0041] An apparatus for coating a slurry, which is a
mixture of a powdered solder material and a binder for
joining the metal honeycomb core body formed by
stacking and winding round a flat plate and a corrugated
plate, at desired positions on the inner surface of the
metal outer cylinder preferably comprises a metal outer
cylinder carrying-in device, a metal outer cylinder rotat-
ing and supporting device, a solder material coating de-
vice for coating the solder material on the inner surface
of the metal outer cylinder, a metal outer cylinder carry-
ing-out and recovery device after solder material coat-
ing, and means for rotating the metal outer cylinder ro-
tating and supporting device and operating the solder
material coating apparatus when the metal outer cylin-
der is carried in by the metal outer cylinder carrying-in
device.

[0042] Thatis, the coating apparatus has a solder ma-
terial supply device for supplying the slurry as a mixture
of the powdered solder material and the binder, a mech-
anism for evenly coating the solder material at a desired
position of the inner surface of the metal outer cylinder,
and a mechanism for rotating and supporting the metal
outer cylinder and carrying the metal outer cylinder. The
means for rotating the metal outer cylinder rotating and
supporting device and operating the solder material
coating apparatus when the metal outer cylinder is car-
ried in by the metal outer cylinder carrying-in device can
be, for example, a sensor.
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BRIEF DESCRIPTION OF THE DRAWINGS

[0043] Fig.1 is a graph showing the relationship be-
tween the solder material thickness and the punching
strength of the joined portion of a flat plate and a corru-
gated plate of a metal honeycomb core body; Fig.2 is a
schematic perspective view of a metal honeycomb car-
rier; Fig.3 is a schematic perspective cross sectional
view of a metal carrier; Fig.4 is a schematic enlarged
cross sectional view showing part of a joined portion of
an inner wall surface of an outer cylinder and the metal
carrier; and Fig.5 is a schematic cross sectional view
when two metal honeycomb core bodies apart from
each other are pressed into a metal outer cylinder.
[0044] Fig.6 is a schematic view for explaining the
production method of the metal honeycomb core body;
Fig.7 is a schematic view showing a process from solder
material supplying to the metal outer cylinder to vacuum
soldering; Fig.8 is a schematic cross sectional plan view
showing a curved metal carrier; Fig.9 is a schematic
view showing the production method according to the
present invention of the curved metal carrier; and Fig.
10 is a schematic front view of a coating apparatus. Fig.
11 is a schematic cross sectional view showing solder-
ing condition of the metal carrier of Example 1; Fig.12
is a schematic cross sectional perspective view showing
soldering condition of the metal carrier of Example 2;
Fig.13 is a schematic cross sectional perspective view
showing soldering condition, of the metal carrier of Com-
parative Example 1; Fig.14 is a schematic cross sec-
tional perspective view showing soldering condition of
the metal carrier of Comparative Example 2; Fig.15is a
schematic cross sectional perspective view showing
soldering condition of the metal carrier of Comparative
Example 3; Fig.16 is a schematic cross sectional per-
spective view showing soldering condition of the metal
carrier of Example 3. Fig.17 is a schematic cross sec-
tional perspective view showing soldering condition of
the metal carrier of Example 4. Fig.18 and Fig.19 are
individually schematic cross sectional perspective
views showing soldering condition of the metal carriers
of Comparative Examples 4 and 5.

[0045] Now, a metal carrier will be described with ref-
erence to the drawings, however, it is needless to say
that the present invention is not limited to those shown
in the drawings.

[0046] Fig.2 is a schematic perspective view showing
a metal carrier, Fig.3 is a schematic cross sectional per-
spective view of Fig.2, and Fig.4 is a schematic enlarged
view showing joining of the inner wall surface of the met-
al outer cylinder and the metal honeycomb core body.
[0047] Referring to Fig.2, a metal carrier 1 comprises
ametal honeycomb core body 3 pressed in a metal outer
cylinder 2. As shown in Fig.4, the outermost periphery
of the metal honeycomb core body 3 and the inner wall
surface of the metal outer cylinder are soldered, the sol-
dering being achieved by a solder material 4 in a plurality
of stripes. The metal honeycomb core body 3 is formed
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by soldering a flat plate 31 and a corrugated plate 32.
The soldering of the flat plate and the corrugated plate
is achieved by a solder material 41, 42, .... coated in
spots or stripes at peaks of the corrugated plate. The
reference numeral 41 indicates a portion joined with the
solder material between the flat plate and the corrugated
plate and outside the corrugated plate, 42 indicates a
portion joined with the solder material between the flat
plate and the corrugated plate and inside the corrugated
plate. It is preferable that the positions of 41 and 42 are
shifted from each other to reduce effects of the solder
material on the base material (Fig.4).

[0048] Fig.5 is a schematic cross sectional perspec-
tive view showing a case when a separation part 9 is
provided between two metal honeycomb bodies.
[0049] Then, a production method of the metal hon-
eycomb core body will be described with reference to
the drawings.

[0050] Fig.6 is a schematic view for explaining a sol-
der material coating method and the production method
of the metal honeycomb core body.

[0051] A slurry 14 produced by mixing a powdered
solder material, free of boron, and a binder is charged
in a reservoir tank 16. The reservoir tank 16 is provided
with a slurry supply tube 17, and a tip thereof has a noz-
zle 13. The slurry 14 is fed through the slurry supply tube
17 to the nozzle 13. The reservoir tank 16 is disposed
at a position of the same height as or lower than a cor-
rugation peak 15 to be coated. The number of the res-
ervoir tanks 16 may be the same as the number of the
nozzles 13 or one. When a single reservoir tank 16 is
used, the slurry supply tubes 17 of the same number of
the nozzles 13 are attached to the reservoir tank 16, and
the slurry 14 is branched by the slurry supply tubes to
the individual nozzles 13.

[0052] By the use of the reservoir tank 16 and the slur-
ry supply tube 17 to the nozzle 13, the slurry 14 can be
supplied from the nozzle 13 to the corrugation peak 15
stably for an extended time, without requiring a space.
[0053] The nozzle 13 uses a flexible material, and is
set between the corrugation peak 15 and a corrugation
valley 18. The supplied slurry 14 is scraped by the cor-
rugation peak 15 and coated thereon. Amount of the
slurry 14. coated on the corrugation peak 15 is control-
led only by adjusting the pressure of the reservoir tank
16 by a controller 16, without requiring a complex con-
trol.

[0054] The slurry 14 coated on the corrugation peak
15is in a condition in which solder material particles are
stacked in layers. When the flat plate and the corrugated
plate are wound round in this condition to form a metal
honeycomb core body and soldered, voids may be gen-
erated between the corrugated plate and the flat plate.
Further, the solder material between the corrugated
plate and the flat plate can have a thickness of more
than 100 um, with a considerably decreased punching
strength. In order to uniformalize the coating thickness
of the solder material, the solder material is spread by
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a brush 5 or a roll in the width direction and the longitu-
dinal direction of the corrugation peak, and the solder
material-coated corrugated plate 32 and the flat plate
31 are stacked and wound round to form the metal hon-
eycomb core body 3, thereby preventing generation of
voids and obtaining effective joined portions.

[0055] As the flat plate, for example, a heat-resistant
steel of 20% Cr and 5% Al with a thickness of 0.05 mm
and a width of 40 mm is used, and the flat plate is cor-
rugated to be used as the corrugated plate.

[0056] As a method for joining the thus formed metal
honeycomb core body 3 and the inner wall surface of
the metal outer cylinder 2, an amorphous foil solder is
wound round at a desired position on the outer periphery
of the formed metal honeycomb core body 3, then the
metal honeycomb core body 3 is pressed into the metal
outer cylinder 2, and vacuum soldered. However, with
this method, as described above, since boron contained
in the amorphous foil solder diffuses into the base ma-
terial of the metal honeycomb core body, the heat resist-
ance is deteriorated.

[0057] Therefore, the metal honeycomb core body 3
and the inner wall surface of the metal outer cylinder 2
are joined by the method shown in Fig.7. Specifically,
the slurry 14, obtained by previously mixing the pow-
dered solder and a water-soluble or organic binder, is
coated by the nozzle 13 at a desired position on the inner
surface of the metal outer cylinder 2 (step a), and placed
in a drying oven 7 to be dried (step b). Then, the metal
honeycomb core body 3 is pressed using a pressing tool
10 into the metal outer cylinder (step c), and put in a
vacuum soldering device 8 to be soldered (step d). In
this step, if the metal honeycomb core body is pressed
in without drying the solder material, the solder material
14 tends to move with the metal honeycomb core body
in the pressing direction, and the solder material cannot
be coated at the desired position. Therefore, it is pref-
erable to press the metal honeycomb core body into the
metal outer cylinder after drying the solder material. The
vacuum soldering is preferably made at 1,100 to
1,300°C for more than 10 minutes under vacuum.
[0058] Then, a production method according to the
present invention of a curved metal carrier will be de-
scribed in detail.

[0059] As shown in Fig.6, a slurry-formed solder ma-
terial is supplied to peaks on the surface and backside
of the corrugated plate, obtained by corrugating a flat
plate comprising a heat-resistant steel, and coated in
spots, or in stripes by a brush as necessary. Then, the
corrugated plate is stacked with a flat plate, and wound
round to form a metal honeycomb core body. A plurality
of the resulting metal honeycomb core bodies, while the
slurry-formed solder material maintains a fluidity and the
slurry-formed coated on the inner wall surface of the
metal outer cylinder has no fluidity, are disposed with or
without spacing in the metal outer cylinder, dried, and
subjected to soldering heat treatment to simultaneously
join the individual metal honeycomb core bodies, and
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the metal honeycomb core body and the metal outer cyl-
inder with the solder material coated on the inner wall
surface of the metal outer cylinder.

[0060] The resulting metal honeycomb core body 3 is
pressed into the metal outer cylinder 2 using the method
shown in Fig.7(c).

[0061] Fig.8is aschematic cross sectional view of the
curved metal carrier, and Fig.9 explains the production
method of the curved metal carrier. Referring to Fig.9,
after five units of the metal honeycomb core bodies 3
are pressed into the metal outer cylinder 2 (a), for ex-
ample, the carrier is placed on a support 20, and
pressed by a pressing die 19 from the upper side (b) to
obtain a metal carrier having a desired curvature (c).
[0062] To enhance the precision, the carrier may be
again pressed to be shaped.

[0063] Then, a solder material coating apparatus for
coating the solder material on the inner wall surface of
the metal outer cylinder will be described.

[0064] The solder material coating apparatus for coat-
ing the solder material on the inner surface of the metal
outer cylinder comprises a solder material supplying de-
vice for supplying a slurry, which is a mixture of a pow-
dered solder and a binder, a mechanism for uniformly
coating the solder material at a desired position on the
inner surface of the metal outer cylinder, and a mecha-
nism for rotating and supporting the metal outer cylinder
and carrying the outer cylinder. As means for rotating a
metal outer cylinder rotating and supporting device
when the metal outer cylinder is carried in a predeter-
mined position by a metal outer cylinder carrying-in de-
vice, and operating the solder material coating appara-
tus, a sensor, for example, may be used.

[0065] Fig.10 is a schematic view of the solder mate-
rial coating apparatus. Roughly divided, this apparatus
comprises a metal outer cylinder carrying-in device, a
metal outer cylinder rotating and supporting device, a
solder material coating device for coating the solder ma-
terial on the inner surface of the metal outer cylinder,
and a metal outer cylinder carrying-out and recovery de-
vice for carrying out and recovering the metal outer cyl-
inder after solder material coating.

[0066] The metal outercylinder carrying-in device and
the metal outer cylinder rotating and supporting device
will be described. The metal outer cylinder carrying-in
device and the metal outer cylinder rotating and sup-
porting device comprise a cylinder 24 for carrying in the
metal outer cylinder, a chuck 25 for rotating and sup-
porting the metal outer cylinder, a chuck drive motor 26
for rotating and supporting the metal outer cylinder, and
a sensor 27. The metal outer cylinder is carried from a
metal outer cylinder carrying-in guide 22 to a metal outer
cylinder carrying-in guide 23. Then the metal outer cyl-
inder is carried by a predetermined amount by the metal
outer cylinder carrying-in cylinder 24 in the direction of
the metal outer cylinder rotating and supporting chuck
25. After that, the cylinder 24 returns to the original po-
sition, the metal outer cylinder 2 at the metal outer cyl-
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inder carrying-in guide 22 is set in the metal outer cyl-
inder carrying-in guide 23 by its own weight. The metal
outer cylinder 2 carried to the metal outer cylinder rotat-
ing and supporting chuck 25, when the sensor 27 de-
tects that the cylinder 24 returns to the original position,
is clamped by the metal outer cylinder rotating and sup-
porting chuck 25. Then, the metal outer cylinder rotating
and supporting chuck 25 is automatically rotated by the
motor 26.

[0067] Then, the solder material coating device for
coating the solder material on the inner surface of the
metal outer cylinder will be described. The solder mate-
rial coating device comprises a solder material supply
controller 28, a slurry tank 29 for holding a slurry as a
mixture of a powdered solder material and a binder, a
nozzle 30 for injecting the slurry on the inner surface of
the metal outer cylinder 2, a brush or roller 32 for uni-
formalizing the thickness of the slurry injected and
spreading the slurry in the width direction, a movable
table 33 for moving a holding tool 43 mounting the noz-
zle 30 and the brush or roller 11 to the right and left, and
an electromagnet 35 for vertically moving a sensor/stop-
per 34 for adjusting the moving length and the holding
tool 43. After the metal outer cylinder is clamped and
rotated by the metal outer cylinder rotating and support-
ing chuck 25, the movable table 33 moves to insert the
holding tool 43 mounted to the movable table 33 into the
inner surface of the metal outer cylinder 2. The insertion
length is controlled by the stopper 34. When the sensor/
stopper 34 contacts the movable table 33, the electro-
magnet 35 is energized to attract the holding tool 43. As
a result, the nozzle 30 and the brush or roller mounted
to the tip of the holding tool 43 are contacted with the
inner surface of the metal outer cylinder 2. When the
holding tool 43 is attracted by the electromagnet 35, a
detector 36 operates. As a result, the slurry is fed by the
controller 28 from the slurry tank 29 through a tube 37,
and injected from the nozzle 30 onto the inner surface
of the metal outer cylinder 2. The injected slurry is uni-
formalized by the brush or roller 11 to a uniform thick-
ness and spread in the width direction. The amount of
the slurry injected from the nozzle 30 is controlled ac-
cording to the injection time and injection pressure of
the controller 28.

[0068] After the solder material is coated on the inner
surface of the metal outer cylinder 2 for a predetermined
time, the holding tool 43 is separated from the electro-
magnet 35, and the movable table 33 moves to the orig-
inal position. When the sensor 34 detects that the mov-
able table 33 returns to the original position, the cylinder
24 operates again to carry the metal outer cylinder to
the metal outer cylinder rotating and supporting chuck
25. At this moment, the solder material-coated metal
outer cylinder is pushed out by the next metal outer cyl-
inder, and carried by the metal outer cylinder carrying-
out guide 18 to the metal outer cylinder recovery box 39.
[0069] The above procedure is automatically repeat-
ed.
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BEST MODE FOR PRACTICING THE INVENTION

[0070] Then, the present invention will be described
further in detail with reference to the embodiments.

Example 1

[0071] A corrugated plate, formed by corrugating a 50
um thick ferrite-type stainless steel flat plate, was sup-
plied on the surface and backside with a slurry compris-
ing a powder-formed solder material under 50 um and
awater-soluble binder from a nozzle at positions of 5mm
and 15 mm, respectively, from the end face on the sur-
face, and at positions of 10mm and 20mm, respectively,
from the end face on the backside, spread by a brush
to a width of 2mm and a solder material coating thick-
ness of less than 50 um, stacked with a flat plate and
wound round to form a metal honeycomb core body.
Next, a slurry comprising the powder-formed solder ma-
terial and an organic binder was coated on an inner sur-
face of a 1.5 mm thick metal outer cylinder in a width of
15 mm from a position 5 mm apart from the end face of
the metal honeycomb core body and dried, and then the
above honeycomb core body was pressed into the metal
outer cylinder. After that, vacuum soldering (heated at
1,200°C for 20 minutes, 10-5 torr) was performed to pre-
pare a 50 mm diameter, 50 mm long metal carrier (length
of metal honeycomb core body: 40 mm). The honey-
comb carrier prepared by this method is shown in Fig.
11. In Fig.11, the reference numeral 41 denotes a solder
material on the surface of the corrugated plate, 42 de-
notes a solder material on the backside, and 1a denotes
an exhaust gas inlet side end face. The honeycomb car-
rier had an unjoined area of a length of 10% of the length
of the metal honeycomb core body from the exhaust gas
inlet side end face 1a, and the metal honeycomb core
body was joined with four joining stripes perpendicular
to the axial direction on the same surface. Further, the
average joining interval of the flat plate and the corru-
gated plate was about 45 pm.

[0072] A catalystwas carried on this metal carrier, and
subjected to a heat cycle test (1,000°C x 30min — cool-
ing x 10min). After the test for 300 hours, the metal car-
rier showed no breakage of the foil except for a slight
cell deformation in the metal honeycomb core body
comprising the corrugated plate and the flat plate. Fur-
ther, to test durability to vibrations, the metal carrier was
tested at vibration frequencies of 20 to 500Hz, an accel-
eration of 30G, for 20 hours. As a result, no defects such
as dislocation of the honeycomb core, breakage of the
soldered portion, or the like were noted.

Example 2

[0073] A corrugated plate, formed by corrugating a 50
um thick ferrite-type stainless steel flat plate, was sup-
plied on the surface and backside with a slurry compris-
ing a powder-formed solder material under 50 um and
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a water-soluble binder from a nozzle, at the exhaust gas
inlet side at a position of 4mm from the end face on the
surface, and at a position of 8mm from the end face on
the backside, and at the exhaust gas outlet side at po-
sitions of 8mm and 16mm on the surface and at posi-
tions of 4mm and 12mm from the end face on the back-
side, and spread by a brush to a width of 2mm and a
solder material coating thickness of less than 50 um,
stacked with a flat plate and wound round to form a metal
honeycomb core body. Next, a slurry comprising the
powder-formed solder material and an organic binder
was coated on an inner surface of a 1.5 mm thick metal
outer cylinder at the exhaust gas inlet side in a width of
8 mm from a position 4 mm apart from the end face, and
at the exhaust gas outlet side in a width of 15 mm from
a position 4 mm apart from the end face ,and dried, and
then the above metal honeycomb core body was
pressed into the metal outer cylinder. After that, vacuum
soldering (heated at 1,200°C for 20 minutes, 105 torr)
was performed to prepare a 50 mm diameter, 50 mm
long metal carrier (length of metal honeycomb core
body: 40 mm). The honeycomb carrier prepared by this
method is shown in Fig. 12. In Fig.12, the reference nu-
meral 41 denotes a solder material on the surface, 42
denotes a solder material on the backside, and la de-
notes an exhaust gas inlet side end face. The honey-
comb carrier had an unjoined area of a length of 7.5%
of the length of the metal honeycomb core body from
the exhaust gas inlet side end face, and the metal hon-
eycomb core body was joined with three joining stripes
perpendicular to the axial direction on the same surface.
Further, the average joining interval of the flat plate and
the corrugated plate was about 48 um.

[0074] A catalystwas carried on this metal carrier, and
subjected to a heat cycle test (1,000°C x 30min — cool-
ing x 10min). After the test for 300 hours, the metal car-
rier showed no breakage of the foil except for a slight
cell deformation. Further, to test durability to vibrations,
the metal carrier was tested at vibration frequencies of
20 to 500Hz, an acceleration of 30G, for 20 hours. As a
result, no defects such as dislocation of the metal hon-
eycomb core body, breakage of the soldered portion, or
the like were noted.

Example 3

[0075] A corrugated plate 32, formed by corrugating
a 50 um thick ferrite-type stainless steel flat plate 31,
was supplied on the surface and backside with a slurry
comprising a powder-formed solder material under 50
um and a water-soluble binder from a nozzle at a posi-
tion of 15mm from the end face on the surface, and at
a position of 25mm from the end face on the backside,
stacked with a flat plate and wound round to form a metal
honeycomb core body. Next, a slurry comprising the
powder-formed solder material and an organic binder
was coated on an inner surface of a 1.5 mm thick metal
outer cylinder 2 on both end faces and in a width of 10
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mm from a position 20 mm apart from both end faces in
the axial direction of the metal honeycomb core body,
and in a length of 8 mm at eight-divided positions in the
peripheral direction. Further, the slurry was coated at
the center of the metal honeycomb core body in a width
of 15 mm and in a length of 8 mm at eight-divided posi-
tions in the peripheral direction. After the slurry was
coated intermittently in the axial and peripheral direc-
tions and dried, the above metal honeycomb core body
was pressed into the metal outer cylinder 2. After that,
vacuum soldering (heated at 1,200°C for 20 minutes,
1075 torr) was performed to prepare a metal carrier. The
structure of the metal carrier, prepared by this method
is shown in Fig.16. In Fig.16, the reference numeral 41
denotes a solder material on the surface, 42 denotes a
solder material on the backside, and 4 denotes the sol-
der material between the metal outer cylinder and the
metal honeycomb core body. A catalyst was carried on
this metal carrier, and subjected to a durability test com-
bining a heat cycle test with a vibration test (heat cycle
test: 1,000°C x 12min — forced cooling x 30min, ex-
haust gas flow: 10 m3/min, vibration test: frequencies of
20 to 500Hz, an acceleration of 30G, a sweep time of 5
min (sine)). After the test for 300 hours, the metal carrier
showed no breakage of the foil except for a slight cell
deformation in the metal honeycomb core body com-
prising the corrugated plate and the flat plate.

Example 4

[0076] A corrugated plate 32, formed by corrugating
a 50 um thick ferrite-type stainless steel flat plate 31,
was supplied on the surface and backside with a slurry
comprising a powder-formed solder material under 50
um and a water-soluble binder from a nozzle at positions
of 25mm, 65mm, and 85mm, respectively, from the end
face on the surface of the metal honeycomb core body,
and at positions of 10mm, 40mm, and 70mm, respec-
tively, from the end face on the backside, stacked with
a flat plate and wound round to form a metal honeycomb
core body. Next, a slurry comprising the powder-formed
solder material and an organic binder was coated on an
inner surface of a 1.5 mm thick metal outer cylinder 2 in
a width of 5 mm in the axial direction on the end face
and at positions 15mm, 30mm, 45mm, 60mm, 75mm,
and 90mm, respectively, from the end face of the metal
honeycomb core body and in a length of 8 mm at eight-
divided positions in the peripheral direction. After the
slurry was coated intermittently in the axial and periph-
eral directions and dried, the metal honeycomb core
body was pressed into the metal outer cylinder. After
that, vacuum soldering (heated at 1,200°C for 20 min-
utes, 10-5 torr) was performed to prepare a metal carrier.
The soldering structure of the metal carrier is shown in
Fig.16. A catalyst was carried on this metal carrier, and
subjected to a durability test combining a heat cycle test
with a vibration test (heat cycle test: 1,000°C x 12min
— forced cooling x 3min, exhaust gas flow: 10 m3/min,
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vibration test: frequencies of 20 to 500Hz, an accelera-
tion of 30G, a sweep time of 6 min (sine)). After the test
for 300 hours, the metal carrier showed no breakage of
the foil except for a slight cell deformation in the metal
honeycomb core body comprising the corrugated plate
and the flat plate.

Comparative Example 1

[0077] A 50 um thick ferrite-type stainless steel flat
plate arid a corrugated plate, formed by corrugating the
flat plate, were wound round to form a cylindrical metal
honeycomb core body, which was inserted into an outer
cylinder made of a 1.5 mm thick ferrite-type stainless
steel, coated with a solder material by dipping in a width
of 15 mm from the exhaust gas inlet side and outlet side
end faces, and subjected to vacuum soldering (heated
at 1,200°C for 20 minutes, 103 torr) to prepare a metal
carrier. The resulting metal carrier is shown in Fig.13. In
the Figure, the a solder material 4 is coated at the same
position on the surface and backside of the corrugated
plate. A catalyst was carried on the metal carrier, and
subjected to a heat cycle test (1,000°C x 30 min. — cool-
ing x 10 min.). As a result, cell deformation and break-
age in the foil on the outer periphery of the metal hon-
eycomb core body were noted after 83 hours of test. Fur-
ther, after a vibration test at vibration frequencies of 20
to 500Hz, an acceleration of 30G, for 20 hours, disloca-
tion in the metal honeycomb core body and breakage in
the joined portion were noted.

Comparative Example 2

[0078] A corrugated plate, formed by corrugating a 50
um thick ferrite-type stainless steel flat plate, was
stacked with a flat plate and wound round to prepare a
honeycomb core. During the step, a 20um thick, 2 mm
wide amorphous foil solder 41 was supplied at positions
of individually 5 mm and 15 mm from the end face on
the surface, and at positions of 10 mm and 20m from
the end face on the back side, and both plates were
stacked and wound round to prepare a honeycomb
core. Further, a 15 mm wide amorphous foil solder was
wound at a position 5 mm apart from the end face on
the outer periphery of the metal honeycomb core body,
pressed into a 1.5 mm thick metal outer cylinder, and
subjected to vacuum soldering (heated at 1,200°C for
20 minutes, 10 torr) to prepare a 50 mm diameter, 50
mm long metal carrier (length of metal honeycomb core
body: 40 mm). The metal carrier is shown in Fig.14. In
Fig.14, the reference numeral 41' denotes a portion sol-
dered with the amorphous foil solder on the surface of
the corrugated plate, and 42' denotes a portion soldered
with the amorphous foil solder on the backside of the
corrugated plate. The metal carrier had an unjoined area
of 10% of the length of the metal honeycomb core body
from the end face as in Example 1, and the metal hon-
eycomb core body was joined with four joining stripes
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perpendicular to the axial direction on the same surface.
[0079] A catalystwas carried on this metal carrier, and
subjected to a heat cycle test (1,000°C x 30min. — cool-
ing x 10min.). After the test for 300 hours, the metal car-
rier showed slight cell deformation, and cracks were not-
ed in the portions joined with the amorphous foil solder.
Further, after a vibration test at vibration frequencies of
20 to 500Hz, an acceleration of 30G, for 20 hours,
breakage occurred at the portion soldered with the
amorphous foil solder, and a dislocation was noted in
the metal honeycomb core body.

[0080] Further, since the amorphous foil solder con-
tains boron, considerable oxidation of the joined por-
tions was noted.

Comparative Example 3

[0081] A corrugated plate, formed by corrugating a 50
um thick ferrite-type stainless steel flat plate, was coat-
ed on the surface and backside with a slurry comprising
a powder-formed solder material under 50 um and a wa-
ter-soluble binder at positions of 5 mm and 15 mm from
the end face, stacked with a flat plate and wound round
to prepare a metal honeycomb core body. Next, a slurry
comprising the powder-formed solder material and an
organic binder was coated on an inner surface of a 1.5
mm thick metal outer cylinder in a width of 15 mm from
a position 5 mm apart from the end face and, after dry-
ing, the metal honeycomb core body was pressed into
the metal outer cylinder. After that, vacuum soldering
(heated at 1,200°C for 20 minutes, 105 torr) was per-
formed to prepare a 50 mm diameter, 50 mm long metal
carrier (length of metal honeycomb core body: 40 mm).
The resulting metal carrier is shown in Fig.15. The metal
honeycomb core body after vacuum soldering had an
unjoined area between the flat plate and corrugated
plate. Further, the joined portion of the flat plate and cor-
rugated plate has a solder material thickness of 120 um.
The metal carrier had only half the punching strength of
Example 1 at the solder material portion.

Comparative Example 4

[0082] A corrugated plate 32, formed by corrugating
a 50 um thick ferrite-type stainless steel flat plate 31,
was stacked with the flat plate and wound round to pre-
pare a metal honeycomb core body, a 20 um thick, 10
mm wide foil solder was wound round the individual end
face of the metal honeycomb core body, and the metal
honeycomb core body was pressed into a 1.5mm.thick
metal outer cylinder 2. Then, a slurry comprising a pow-
dered solder material and a binder was coated by dip-
ping in a width of 10 mm from the end face of the metal
honeycomb core body. After that the metal honeycomb
core body was subjected to soldering (heated at
1,200°C for 20 minutes, 105 torr) to prepare a metal
carrier. The soldering structure of the metal carrier is
shown in Fig.18. A catalyst was carried on this metal



21 EP 0 820 830 B1 22

carrier, and subjected to a durability test combining a
heat cycle test with a vibration test (heat cycle test:
1,000°C x 12min — forced cooling x 3min, exhaust gas
flow: 10 m3/min, vibration test: frequencies of 20 to
500Hz, an acceleration of 30G, a sweep time of 5 min
(sine)). After the test for 100 hours, the metal carrier
showed a breakage in about 60% of the periphery, and
generation of a telescope.

Comparative Example 5

[0083] A corrugated plate 32, formed by corrugating
a 50 um thick ferrite-type stainless steel flat plate 31,
was stacked with the flat plate and wound round to pre-
pare a metal honeycomb core body. A slurry comprising
a powdered solder material and a binder was coated by
dipping in a width of 10 mm from the end face of the
metal honeycomb core body, and subjected to soldering
(heated at 1,200°C for 20 minutes, 10-5 torr) to prepare
a metal honeycomb core body. Then, a 20 um thick, 10
mm wide foil solder was wound round the center of the
metal honeycomb core body, the metal honeycomb core
body was pressed into a 1.5mm thick metal outer cylin-
der 2, and again subjected to soldering to prepare a met-
al carrier. The soldering structure of the metal carrier is
shown in Fig.19. A catalyst was carried on this metal
carrier, and subjected to a durability test combining a
heat cycle test with a vibration test (heat cycle test:
1,000°C x 12min — forced cooling x 3min, exhaust gas
flow: 10 m3/min, vibration test: frequencies of 20 to
500Hz, an acceleration of 30G, a sweep time of 5 min
(sine)). After the test for 80 hours, because the soldered
portion between the metal honeycomb core body and
the metal outer cylinder was broken, a dislocation oc-
curred in the metal honeycomb core body in the axial
direction of the metal carrier.

UTILIZABILITY IN INDUSTRY

[0084] With the use of the production method accord-
ing to the present invention, an exhaust gas cleaning
metal carrier for automobiles, autobicycles, and indus-
trial equipment, which is superior in durability, could be
achieved.

Claims

1. A method of producing an exhaust gas cleaning
metal carrier (1) including a plurality of metal hon-
eycomb core bodies (3) formed by joining aflat plate
(31) and a corrugated plate (32), pressed in series
in the axial direction into a metal outer cylinder (2),
comprising the steps of:

coating a slurry-formed solder material (14) at
peaks (15) of corrugation of the corrugated
plate (32);
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stacking and winding round the flat plate (31)
and the corrugated plate (32) to form a metal
honeycomb core body (3);

pressing said metal honeycomb core body (3)
into said metal outer cylinder (2) while the slur-
ry-formed solder material (14) coated at the
peaks (15) of corrugation of the corrugated
plate (32) maintains a fluidity; and

soldering heat treating to join said metal hon-
eycomb core body (3) and said metal outer cyl-
inder (2),

characterized in that the method further compris-
es the steps of

coating an inner wall surface of the metal outer
cylinder (2) with a solder material (14);

said metal honeycomb core body (3) is pressed
into said metal outer cylinder (2) while the sol-
der material (14) coated on the inner wall sur-
face of the metal outer cylinder (2) has no flu-
idity; and

between said pressing and soldering heat treat-
ing steps drying is performed.

2. The method of claim 1,

characterized in that

said slurry-formed solder material (14) is coated in
spots (41, 42) or a plurality of stripes (41, 42) at said
peaks (15) of corrugation of said corrugated plate
(32).

3. The method of claim 1 or 2,

characterized in that
between said pressing and drying steps curving of
said metal outer cylinder (2) is performed.

4. The method according to anyone of claims 1-3,

characterized in that

said metal outer cylinder (2) into which said metal
honeycomb core bodies (3) formed by joining said
flat plate (31) and said corrugated plate (32) are
pressed in series in the axial direction is curved.

Patentanspriiche

1. Verfahren zur Herstellung eines metallischen Ab-
gasreinigungstragers (1) mit einer Mehrzahl von
metallischen Honigwaben-Kernkérpern (3) gebildet
durch Verbinden einer flachen Platte (31) und einer
gewellten Platte (32) und in axialer Richtung inner-
halb eines metallischen AuRenzylinders (2) in Serie
gepresst, umfassend die Schritte:

Beschichten von Wellenscheitelpunkten (15)
der gewellten Platte (32) mit einem dinnfllssi-
gen Lotmaterial (14),
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Schichten und Wickeln um die flache Platte
(31) und die gewellte Platte (32) herum, um ei-
nen metallischen Honigwaben-Kernkérper (3)
zu bilden,

Pressen des metallischen Honigwaben-Kern-
korpers (3) in den metallischen AuRenzylinder
(2), wahrend das duinnflissige Létmaterial (14),
mit dem die Wellenscheitelpunkte (15) der ge-
wellten Platte (32) beschichtet sind, einen flus-
sigen Zustand beibehalt, und
warmebehandelndes Loéten, um den metalli-
schen Honigwaben-Kernkérper und den metal-
lischen AulRenzylinder zu verbinden,

dadurch gekennzeichnet,

dass das Verfahren zusatzlich folgende Schritte
umfasst Beschichten einer inneren Wandoberfla-
che des metallischen AuRenzylinders (2) mit einem
Létmaterial (14),

Pressen des metallischen Honigwaben-Kernkor-
pers (3) in den metallischen AuRenzylinder (2),
wahrend das sich an der inneren Wandoberflache
des metallischen Aufienzylinders (2) befindliche
Loétmaterial (14) keinen flissigen Zustand hat, und
Durchfihren von Trocknung zwischen den
Pressschritten und warmebehandelnden Létschrit-
ten.

Verfahren nach Anspruch 1,

dadurch gekennzeichnet,

dass die Wellenscheitelpunkte (15) der gewellten
Platte (32) in Flecken (41,42) oder einer Mehrzahl
von Streifen (41,42) mit dem dinnflussigen Létma-
terial (14) beschichtet werden.

Verfahren nach Anspruch 1 oder 2,

dadurch gekennzeichnet,

dass zwischen den Press- und Trocknungsschrit-
ten Biegungen des metallischen Auflenzylinders
(2) durchgefiihrt werden.

Verfahren nach einem der Anspriiche 1 - 3,
dadurch gekennzeichnet,

dass der metallische Au3enzylinder (2), in den die
metallischen Honigwaben-Kernkorper (3), die
durch Verbinden der flachen Platte (31) und der ge-
wellten Platte (32) entstanden sind, in axialer Rich-
tung in Serie gepresst sind, gebogen wird.

Revendications

Procédé de fabrication d'un support métallique
d'épuration des gaz d'échappement (1) incluant
une pluralité de corps métalliques centraux en nid
d'abeilles (3) formés par jonction d'une plaque pla-
ne (31) et d'une plague ondulée (32), pressés en
série dans la direction axiale dans un cylindre mé-
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tallique extérieur (2), comprenant les étapes de :

application d'une matiére de soudage sous for-
me de péate fluide (14) aux crétes (15) des on-
dulations de la plaque ondulée (32) ;
superposition et enroulement de la plaque pla-
ne (31) etde la plaque ondulée (32) pour former
un corps métallique central en nid d'abeilles
3);

introduction par pressage du dit corps métalli-
que central en nid d'abeilles (3) dans ledit cy-
lindre métallique extérieur (2) pendant que la
matiére de soudage sous forme de pate (14)
appliquée aux crétes (15) des ondulations de
la plaque ondulée (32) reste fluide ; et
soudage a chaud pour joindre ledit corps mé-
tallique central en nid d'abeilles (3) et ledit cy-
lindre métallique extérieur (2) ;

caractérisé en ce que le procédé comprend en
outre les étapes de

application d'une matiére de soudage (14) a
une surface de paroi intérieure du cylindre mé-
tallique extérieur (2) ;

pressage dudit corps métallique central en nid
d'abeilles (3) dans ledit cylindre métallique ex-
térieur (2) pendant que la matiére de soudage
(14) appliquée sur la surface de paroi intérieure
du cylindre métallique extérieur (2) n'est pas
fluide ; et

exécution d'un séchage entre lesdites étapes
de pressage et de soudage a chaud.

Procédé selon la revendication 1, caractérisé en
ce que ladite matiére de soudage sous forme de
pate fluide (14) est appliquée en points (41, 42) ou
en une pluralité de bandes (41, 42) aux dites crétes
(15) d'ondulation de ladite plaque ondulée (32).

Procédé selon la revendication 1 ou 2, caractérisé
en ce que, entre lesdites étapes de pressage et de
séchage, on effectue une courbure dudit cylindre
métallique extérieur (2).

Procédé selon une quelconque des revendications
1 a 3, caractérisé en ce que ledit cylindre métalli-
que extérieur (2), dans lequel lesdits corps métalli-
ques centraux en nid d'abeilles (3) formés par jonc-
tion de la dite plaque plane (31) et de ladite plaque
ondulée (32) sont pressés en série dans la direction
axiale, est courbé.
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